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Q2 = −q2 = −(k− k')2 = 2EeEe '(1+ cosΘe)
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HERA (ep): 
Despite high energy range: 
 F2, Gp(x, Q2) only outside the 

saturation regime 
 Regime where non-linear QCD 

(saturation phenomena) matter  
   (Q < Qs) not reached, but close 
 Only way in ep is to increase √s 

EIC (eA): 
 Instead extending x, Q reach  
    increase Qs 

 Pocket formula for nuclei 

 Remember:  Q2 > Qs2 ⇒α s = α s (Q
2 )

Q2 < Qs
2 ⇒α s = α s (Qs

2 )

Qs
2 (x, A) ~ Q0
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 L =α i(χχ)(qiqi )+βi(χγ νγ 5χ)(qiγ νγ 5qi )
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MeRHIC eRHIC with 
CeC 

p (A) e p (A) e 

Energy, GeV 250 
(100) 4 325 

(125) 
20 
<30> 

Number of bunches 111 166 
Bunch intensity 
(u) , 1011 2.0 0.3

1 
2.0 
(3) 0.24 

Bunch charge, nC 32 5 32 4 

Beam current, mA 320 50 420 50 
<10> 

Normalized 
emittance, 1e-6 m, 
95% for p / rms 
for e 

15 73 1.2 25 

Polarization, % 70 80 70 80 
rms bunch length, 
cm 20 0.2 4.9 0.2 

β*, cm 50 50 25  25  
Luminosity, x 
1033,  cm-2s-1 

0.1 -> 1 
with CeC 2.8 
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eq '
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q '∑q∑ Δq(x,Q2 )
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  Suppose we view DIS in rest frame of target 
  γ* fluctuation into quark, anti-quark (dipole) frozen 
  w / radial separation r 
  Dipole interacts with proton/nuclei 

  Then DIS cross-section 

  Interesting physics in  
  What happens @ large r ? 
  In dipole picture       saturates for r>R0 = 1/Qs 
   assume: 
  Use BFKL for x dependence of   

σ (x,Q2 ) = dz d 2∫∫ r Ψ(r, z,Q2 )
2
σ̂ (r,x)

σ̂ (r,x)
r ~ h / Q2

σ̂ (r,x)
σ̂ (r,x) = g(r,Qs )

Qs (x) = Q0 (
x0
x
)λ /2

Qs
A(x) = Qs

p (A
Rp
RA
)λ
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Qs2 ~
α sxG(x,Qs2 )

πRA2  
HERA: xG ~ 1

x1/3

(QsA)2 ~ cQo2
A
x
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Vem (r) = − q1q2
4πε0r

= α em

r



Vs (r) =
4
3
α s

r
+ kr





species 
(A) 

pTmin  
(GeV/c) 

d (2) 0.02 
Si (28) 0.22 
Cu (64) 0.51 
In (115) 0.92 
Au (197) 1.58 
U (238) 1.90 



QED QCD 

Charges electric (2) colour (3) 

gauge bosons γ g (8) 

charged? no yes 

coupling 
strength 

αem = e2/4π ≈ 
1/137 αs ≈ 0.3 

Vs (r) =
4
3
α s

r
+ krVem (r) = − q1q2

4πε0r
= α em

r
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